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LIFE-CYCLE COSTING OF LIFE SUPPORT EQUIPMENT

INTRODUCTION

Objective

This report describes work performed as a continuation of an earlier
research project to show the feasibility of costing the life cycle of life
support equipment. The earlier research resulted in the development of an
elementary model to calculate this life-cycle cost (LCC). Information from
the earlier research report that is essential to understanding the new work
will be included here.

The goals of this research project are to --

1. Provide a capability in the model for handling repair both at
local bases and at depots.

2. Include programmed depot maintenance (PDM) in the model even
when the devices are still in safe operating condition.

3. Add a feature to the model that will discount costs over the
lifetime of devices.

4, Obtain data on transit, repair, and remove/install times, and
enhance the capability of the model to handle the data.

5. Obtain data on the number of bases using life support equipment
and apply the model to several such items, subject to the
availability of data.

The achievement of these goals will enhance the methods used by the U.S.
Air Force to study the LCC of life support equipment. In particular, using a
computer implementation of the model will enable the Air Force to make design
decisions for life support items to reduce the LCC of such equipment.

Analyzed Items

The earlier research project analyzed a Model CRU-68 oxygen regulator and
anti-G valves Models FR139 and FR140. This report includes updated analyses
of those items as well as analyses of the following items:

Anti-G suit, Model CSU-13/P
Oxygen mask, Model MBU-5/P
Oxygen connector, Model CRU-60/P

We were unable to acquire data on the newer oxygen regulator, Model
CRU-73.
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LOGISTICS-SUPPORT-COST MODEL OF Alr FORCE LOGISTICS COMMAND (AFLC)

One major objective of the eariier study on LCC was to determine the
feasibility of applying the AFLC logistics Support Cost (LSC) Model to life
support equipment, 1f that model provest to be unfeasible, then an attempt was
to be made to determine if developing a usable model was within the state-of-
the-art.

The first step in this task was to thoroughly review the LSC model as
presented in the user’s handbook. i< handbook describes such things as
basic modeling techniques, details of (nhe LSC model, and computer application
of the model. Of major interest in thi. handbook were the ten equations that
collectively make up the LSC model.

The ten equations were analyzed ard eveluated for applicability to life
support equipment. This analysis yieidei q modified set of equations that

seemed reasonably appropriate. Seven woesiions were eliminated from our con-
sideration because they either reguired data not readily available, were rela-
tive to fixed assets such as faciliti»z, did net apply due to configuration

(for example, engines and fuel LunJumLV‘J', Mo attempt was made to alter the
current LSC approach, hut merely t- vin the feasibility of its applica-
tion for life support equ1pment. Ao A gives the three applicable equa-
tions from the LSC model. The feasiiii. Ly of using the LSU model came down to

determining the availability of th aui: oauired for these three equations,
The availability and appropriatu:s Lo data o will o Be discussed in the

"Availability of Data" section.

OTHER AIR FORLL “#iLi iS5 GF LCC MODLLS

The Air Force is taking -n coeovastoin applying LCC to systems
acquisition. The introduction of .o we ¢ programmable calculators has pro-
vided a tool that allows LCC evalua.io: 1 deosign and support options. The
key advantage of this tool i ‘th.. . _Chortens the feedback loop for
information on LCC impacts. An it uger for use with the T1-59 handheld
calculator has been developed. (A v ‘s handbook is available through the
Directorate of Cost Analysis, Coi,tooiter, ASD, Wright-Patterson AFB, Ohio
45433.) This model does not includi: v 1oliowing costs:

Training equipment and 5oy
Documentation

Facilities

War-readiness material

Our evaluation of this model ind . ared that it is basically the same in
theory, right down to the LCC equatiuvis, os the LSC model that we concentrated
on for this study.

Two Air Force programs have recently utilized LCC. The ACES-11
ejectinn-seat program used the Af{cC 50 aiodel for sour :e selection. The Sit-
vival Avionics System had The Analytic “ciences Corporation develop an LGC
model to evaluate the combined cost of wcquiring modern systems and supporting
them over their operational life.
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AVAILABILITY OF DATA

A computer, no matter how sophisticated, is only as good as the data
input to it. Our investigation into the LCC of life support equipment has
shown that the data needed for such effort is, at best, "somewhere in the sys-
tem." It was exceedingly difficult to decipher what many variables repre-
sented, what the units were, and what relationship existed between the data
maintained at collection points and the variables named in the LSC model equa-
tions. An example of this in various equations is the MIBF parameter--
identified as mean time between failures, in operating hours. This parameter
is not applicable to all life support items because some get removed for other
reasons, such as expiration of calendar months. Another example is PFFH, or
peak force flying hours. It is defined as the expected fleet flying hours for
1 month during the peak usage period. This term had no apparent data source.

According to our findings, data relative to things such as mean time to
failure, cost of repair, and man-hours to repair are maintained at the various
Air Logistics Centers of AFLC. The San Antonio and Oklahoma City centers were
visited so that relevant data could be collected.

The primary sources of data turned out to be the following computation
systems: the D041 Recoverable Consumption Item Requirements, for the oxygen
regulator and valve; the D039 Equipment Item Requirements, for the anti-G
suit; and the D062 Economic Order Quantity Buy, for the oxygen mask and con-
nector.

The D041 system computes replenishment spares requirements for certain
items. Failure, replacement, condemnation, and other reliability rates are
mechanically and manually developed on the basis of past usage and program
data accumulated over a set time period. This time period may be based on
flying hours, calendar months, programmed depot maintenance, or engine over-
hauls.

Recoverable items not routinely serviced at depot level are handled by
the D039 system. Item-by-item details on this equipment are not kept at depot
level, but general information regarding number in service, in inventory, and
in place at each base is available at depot level. These items may be
repaired or adjusted at base level, and only a local record of repairs or
adjustments is kept.

The D062 system 1is wused for unrecoverable items. These items are
accounted for at the depot level to the extent of the number on hand, number
on order, past demand history, and reorder level. Although the status of
items at the depot is known in considerable detail, items beyond the depot are
out of the accounting system. The only Tlink between the two sets of items is
the history of demands. That 1is, the number of items for replacement is
known, but the rate of replacement is not known. D062 equipment may be
repaired at base level; but if such repair is not feasible, the item is con-
demned at base level and not returned to the depot.

The first research project concluded that it was not feasible to use the
Air Force Logistics Command LSC model to analyze the LCC of the oxygen

1 T P 2 P W T L IR A e 1
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regulator and valve (D041 system). Because data required for the LSC model
was not available in a form we could use and was not always appropriate for
life support equipment, we devised a simple LCC program for direct use on the

D041 data.

Early in this second research project, we had to decide whether to use
the model developed for the D041 items or to pursue a different method to
analyze the LCC of the new items--the anti-G suit and the oxygen mask and con-
nector. After reviewing the available data for the new items and their main-
tenance strategies, we decided that this model was appropriate for the analy-
sis and would be our life-cycle cost for life support devices (LCC-LSD) model.

Interpretation of the factor printouts proved to be time consuming and
difficult., After comparing information gleaned from the printouts with com-
ments from people involved in Air Force logistics, we concluded that the fac-
tor printouts should be used as guidelines or approximations but not as exact

representations of equipment systems.

PROGRAMMED DEPQT MAINTENANCE

One effect of PDM on the LCC-LSD model 1is to change the demand rate;
i.e., PDM-imposed overhauling of items before they fail results in smaller
mean time between demands (MTBD). PDM should also result in lower repair
costs because inspection of items while still in operating condition should
reduce the number of potentially expensive major failures.

PDM could be included in the LCC-LSD in two ways. The first is to supply
two different demand rates, one for PDM and one for item failure; then deter-
mine the cost for a PDM overhaul and tke average cost of repairing a failed
item. From this information, calculate the annual PDM maintenance cost and
the annual failed-item maintenance cost and use these costs in an incremental

LCC analysis.

The second method is to sum the POM demand rate and the failed-item
demand rate and get an average demand rate. Then calculate an average main-
tenance cost for the two demand types. The average demand rate is used to
find the number of annual repairs. Multiplying this number by the average
maintenance cost gives annual maintenance cost.

The LCC-LSD model does not include a specific PDM input or analysis. PDM
is mentioned in the D041 information system instruction manual, but the D041

factor printout only gives percent of items undergoing PDM that are found to
be defective. PDM is not used for the D039 or D062 items analyzed in the

research,
CHANGES IN LCC-LSD COMPUTER PROGRAM
The following changes have been made in the original LCC-LSD model:

A breakdown of bases into two groups, continental United States
(CONUS) and overseas, and corresponding modification in transporta-

tion time.

M . - . - o st B i s



An added capability to provide present-worth analysis at user-
specified interest and inflation rates.

»
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A modification to allow depot and base repair capability together,
as opposed to only base or only depot repair capability.

An added plotting capability, called at the user's discretion, to
give graphic display of model output.

A new multiple-run capability with variable MTBD and repair time.

A change of some classifications from standard data to input data to
recognize differences between ijtems.

i g

These changes are discussed in detail in the "Incremental LCC-LSD Model"
section.

Transportation Times

Some changes have been made in the LCC-LSD model so that transportation
information will more accurately model the actual supply cycle. Transporta-
" tion times depend upon the priority assigned to the items to be shipped. Low

‘ priority is usually given for the items investigated in this report, so
transportation time associated with low priority is used in the program. The
time delay from day of base requisition to day of base receipt is 28 days, of
which 13 is the time of actual travel. These times represent the maximum
expected. The 28 figure is now used for "base-depot transit delay" standard
data for CONUS bases only. For bases overseas (including Alaska and Hawaii),
an additional 38 days is required, for a total of 66 days. The 66 figure is
now used for overseas "base-depot transit delay" standard data.

5 b el d

Because of the substantial travel time difference between CONUS bases and
those overseas, the total number of bases where an item is used must be
separated into these categories. The program then takes the extra travel time
into account when calculating base and depot inventory levels.

Present-Worth Analysis

The capability of present-worth analysis is included in the LCC model for
use in Jjustifying changes 1in initial costs. For example, present-worth
analysis can show the net dollar result of increasing the manufactured first
cost so that future maintenance savings can be realized. A present-worth
analysis will find the present, equivalent lump-sum amount of future annual
expenditures. By comparing the present worth of costs of two different
designs, a clear-cut selection of the design with the lowest incremental LCC
can be made.

The program also allows for an analysis with inflation included. The
effect of inflation on the future purchasing power of dollars may have some
bearing on how much should be spent now. Therefore, the three options avail- .
able to the user are:




A. No present-worth analysis
B. Present-worth analysis without inflation

C. Present-worth analysis with inflation

Option A may be sufficient for a general cost analysis of a new or existing
item. Option B is probably best to use when comparing changes in existing
item designs when inflation of prices is not significant. Option C is used to
analyze costs in significant inflationary situations.

The logic behind finding the present worth of annual expenditures of
savings is based on the fundamental formula

(1+1)N-1
i(1+i)N

PW = A

where: PW = present worth of equal yearly payment amounts
A = yearly payment, or anrnuity
N = number of years

i annual interest rate

For an LCC analysis, the annuity equals the annual maintenance cost which con-
sists of the repair costs and the cost of new items due to condemnations. The
annuity is calculated in the program with N equal to the analysis period of
the item, but i is input by the user.

The formula for inflation-affected present worth is a derived formula
based on the interactive effect of inflation and interest every year. The
formulation is as follows:

PW = A
n

|
[(149)" (141 )] (2) 1

e~z

1

where: if
ir

inflation rate
interest rate

This finds the combined effect of each year of inflation and interest and
then sums up this yearly effect over the years of analysis. The remaining
steps are simply mathematical manipulations of this formula.

e . ) - RS .t et o8




n
N l+if
PW=A § |——— (3)
n=1 1+ir
141
Substituting X = —— in eq. (3) gives
1+1r
PN = A 'g X"
n=1 (4)
The solution to this series is knswn to be
N+1
x+x2+x3...+x"=i‘§ S 1for X #1 (5)
which leads to
N+1
1-X 6
PW = A -1 (6)
1-X
1+i
Replacing X with gives
1+
PW = A (7)
1+i
1- [ f
‘ 1+]r

Just as with present-worth analysis explained earlier, the user inputs the
inflation rate, interest rate, and the number of years. The annuity is calcu-
lated in the program as total annual maintenance cost.

Eq. (3) is infeasible for X = 1. This condition occurs when the infla-
tion rate equals the interest rate. However, it can be seen that equation (2)
reduces to




PW=AYI1" (8)

+ 13 + ...+ 1"] (9)

PW = A x N (10)

Plot Capability

The revised LCC-LSD program has the capability to plot graphs of total
cost vs. man-hours to repair at base or total cost vs. man-hours to repair at
depot. Either plot may also be graphed for up to three different values of
MTBD per graph.

In Appendix B, Figure B-1 is the standard output from the LCC-LSD program
for the left-hand anti-G valve. The third line under the heading "Data Unique
to Item" indicates that the time between demands is in hours. Whenever a plot
is requested by the user, one standard output for the first combination of
variables will be printed, followed by a table listing the values for the
first and all other combinations of variables, as shown in Figure B-2. Figure
B-3 shows a graph of the total cost in dollars vs. base man-hours (BMH) to
repair for this valve. Three plots are shown, each for a different MTBD., The
data necessary to obtain a plot is described in the "Data Input Format for
LCC-LSD Computer Program" section, but a brief interpretation of input will be
given here.

For each program execution, the user may choose to print or not print a
graph. If a graph is not chosen, the user does not need to input any further
graph data. If specifying that a graph be plotted, the user needs to input
the number of MTBD values, up to a maximum of three.

The first MTBD value used will always be the one calculated from item
input data. The user specifies the desired MTBDs as a fraction of the MIBD
calculated from item input data.

The input for man-hours to repair is similar but not identical. The user
may choose between base man-hours or depot man-hours and then specify how many
man-hour values are to be plotted. Then the user specifies a fraction that
will be used to calculate the man-hour values. For example, assume that the
user specifies a base man-hour plot, five values are desired, and the fraction
is .08, The five base man-hour values will be:

(1) The input value for BMH = 4

(2) 0.92 x 4 = 3.68
(3) 0.84 x 4 = 3.36
(4) 0.76 x 4 = 3.04
(5) 0.68 x 4 = 2,72

10




P

cma 1

N 0
R R

. Che Y
—— il

w
i
B

The purpose of the graphing capability is to provide a fast visual aid to
interpreting changes in incremental LCC due to various values of base repair
man-hours, depot repair man-hours, and mean time between demands. The graph
should not be used as a detailed illustration of increcmental LCC.

Changes in Standard Data

In addition to transportation input changes mentioned earlier, other
information previously assumed to be standard is now variable--requiring user
input for each item. These changes occurred because of differences between
so-called standard data for items investigated and 1in anticipation of
variation in future data. Information that has been changed to be
user-defined includes:

(1) Depot repair days

22) Base repair days

3) Flight-hours per day per item

(4) Depot procurement days (times from ordering new items from supplier
to receiving items from supplier)

(5) Lifetime of item

Including this information as input data will save the user from having to
change the actual program code in the future.

For a group of similar items, the model allows for a percentage of total
repairs to be completed at base and a percentage at depot. The user inputs
the percent of item repairs done at base. The total demand for repairs can
then be broken down into the number of items repaired at base and the number
repaired at depot. The model incorporates a transit delay between base and
depot to insure an inventory sufficient to meet demands at the desired confi-
dence level.

Of all the items studied, only the D041 equipment (oxygen regulator and
anti-G valves) had repairs at depot. The D041 factors printout gives the per-
cent of items repaired at base and at depot.

Investigation of Cost Parameters

Investigation into several related cost parameters--namely, transporta-
tion, inventory, and cost of condemnation--indicated that specific costs for
individual items cannot be determined in most instances or that the cost con-
tribution 1s negligible. Transportation costs as a whole are grouped among
many different items, making them indeterminable for specific items.

There are two types of transport costs. First are the costs associated
with shipping from contractors/suppliers to the depots. Funds for this trans-
portation come from a large general transport fund. Individual items are not
accounted for; money is simply extracted from the fund as needed for ship-
ments. However, personnel at Wright-Patterson AFB tack a general 3% increase
onto the unit price of an item and call it the “standard price." This 3% sur-
charge is described in the D039 and D041 study gquides as "first destination
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transportation."” Therefore, the initial transport is represented in the com-
putation system outputs for D039 and D041 items. Whether or not the same pro-
cedure is used on D062 items is not clear.

The second type of transport costs are those associated with shipping
from depot to base and vice versa. These shipping costs are not assignable to
specific items and cannot be readily estimated. Shipments going to a base are
accumulated for a week and usually consist of a variety of items. All modes
of transportation are used; therefore, shipping rates depend on different
factors at different times. Since shipments are groups of mixed items and
different forms of transportation are used, creating one rate based on weight
or space occupied would be very complicated and was beyond the scope of this
study.

Inventory holding costs may be available at depot level, but we could
find no one with such information. We doubt that this information exists at
base level.

Condemnation costs, the cost of activities associated with condemning an
item, are reported as negligible. According to a base equipment specialist,
condemning an item consists of writing out a condemnation tag, ordering
another item from the depot, and disposing =i the condemned item.

INCREMENTAL LCC-LSD MODEL

Use of the Model

The incremental LCC-LSD model is used to evaluate changes in the incre-
mental LCC of a life support item as a function of reliability, maintainabil-
ity, and attendant unit cost. LCC-LSD uses data obtained from the D039, D041,
and D062 data systems.

The only costs included in LCC-LSD are those that are strongly sensitive
to changes in reliability, maintainability, and unit cost. They include:

(1) Cost of the installed items
(2) Cost of required inventories at bases and depot
(3) Maintenance costs, including costs of replacing condemned items.

Items considered to be relatively insensitive to changed reliability and
maintainability (e.g., cost of support equipment, personnel training, techni-
cal data, and facilities) are not included. We consider it better to minimize
the amount of input data that must be used.

Our simplified model, nonetheless, presents some intricacies on data
input. The D041 data system gives demand rates for some items, such as the
anti-G valve, as the number of demands (repairs) per 100 unit flight-hours.
With a demand rate of 0.5, 200 flight-hours on each of 50 units in a given
month would produce 0.5(200)(50)/100 = 50 units to be repaired in that month.

12
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The demand rate for other items, such as the oxygen regulator, is consid-
ered more susceptible to calendar time than to flight usage. The demand rate
for such items is given by the D041 data system as the number of demands per
calendar month per item installed. A demand rate of 0.02 for 25,000 items
installed would produce 0.02(25,000) = 500 units to be repaired or overhauled
in 1 month.

Provision is made in the LCC-LSD model for selecting the appropriate mode
of expressing the demand rate for a given-type item. The D041 data system
indicates the mode through the Program Selection Code (1 = per 100 flight-
hours, 3 = per month). D039 and D062 items must be studied individually to
determine the demand-rate mode. Usually, an equipment specialist at a depot
or base can provide information as to the proper demand mode.

Model Description
Figure 1 shows the procedure used by the LCC-LSD model in determining the
incremental LCC of a device. A computer program that embodies this procedure
is listed in Appendix C. The essential logic of that program is shown as a
flow diagram in Appendix D.
CALCULATE:
1. Mean time between demands
2. Demands per year
3. Base items: (a) Condemned
(b) Repair
(c) Base-depot repair

4. Inventory level for base

5. Depot items: (a) Condemned
(b) Repair

6. Inventory level for depot
Installed

Base inventory
Depot inventory

7. Initial costs:

Depot repair
Remove and replace
Repair parts

(
(
(
8. Annual costs: (
(
g
(e) Condemnation replacements

)
)
)
; Base repair
)
)
)

a
b
c
d
e
9. Total incremental LCC over lifetime of system.

Figure 1. Model for formulation of incremental life-cycle cost.
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Two simplifying assumptions need to be stated before describing the
model. The first is that all using bases have the same number of installed
items. Such a situation will probably never exist, but without this
assumption the model, especially for large numbers of bases, would bog down in
data acquisition and be significantly more complex. The second assumption is
that as soon as a unit is condemned, a new one is ordered from the supplier.
Although this rarely happens, the assumption simplifies the model without
distorting the results.

An item to be analyzed falls into one of two categories with respect to
demand rate: (1) flight-hour dependent; (2) calendar-month dependent. The
components of Figure 1 for flight-hour-dependent items will be explained
first, followed by a description for calendar-month-dependent items.

Items with Flight-Hour-Dependent Demand Rates

Calculate MTBD: Take the reciprocal of the demand rate, OIMD (given in
demands per 100 flight-hours per item), and multiply by 100, as follows:

MTBD = 100/0IMD (11)

Calculate Demands per Year (PP): Let

DMFH
TI

flight-hours per day
total items installed.

Then the quotient

|
pp = DMFH x TI x 365 (12) |
MTBD |

gives the demands per year.

Calculate Base-Condemned Items (BCOND): This value represents the
average number of condemned units at a base at any time. Use the following
equation to calculate BCOND:

BCOND = DMFH x BSDT , TI . connc (13)
MTBD M
where: {
M = number of bases
BSDT = time (days) from requisition by base equipment specialist to
receipt of new item from depot
CONDC = condemnation rate, stated as fraction of demands
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BSOT has two values--one for CONUS bases, another for overseas bases--hence
two values of BCOND are calculated. Using CONDC in this equation implies that
al! condemnations are made at base. This simplifies the model without
significantly altering the results.

Calculate Base-Depot Repair Items (BRPD): Some items have repairs
performed at depot level. BRPD is the average number of items moving between
a base and depot for repair at any time. The formula for findinq BRPD is

prpp = DMFH X BSDT  TI . (1_pgrc) x (1-CONDC) (14)
MTBD M
where:
PERC = fraction of repairs done at base
(1-PERC) = fraction of repairs done at depot
(1-CONNC) = fraction of demands that are repairable

To accommodate both CONUS and overseas bases, two values of BRPD are
calculated.

Calculate Base Repair Items (BRPB): This value represents the average
number of items undergoing repair at a base at any time. The equation is

Brpg = DMFH x BRCT . T1 . pepe (15)
MTED "

where:

BRCT = the span of time (days) from removal of an unserviceable item from
an end article at base Tevel until the item has been repaired at
base level and is ready for reissue,

Calculate Inventory 1level for Base (STKR): Having items in base
inventory to satisfy base demands is most desirable. Therefore, an inventory

level sufficient to meet demands at a desired confidence coefficient must be
determined.

Assuming that the time between demands has a neqative exponential
distribution, the Poisson distribution may be used to calculate the desired
inventory level. Let X be the demand. The P(X=x) for the Poisson
distribution is given by:

P(X=x) = e-:rx (16)

where:

u = the mean value of the distribution, or
for the model, the average demand.
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From eq. (16), the P(X<x) is given by:
P(X<x) = P(X=0) + (X=1) + ... (17)
ees + P(X=(x=1)) + P(X=x)

X
Let a = _20 P(X=i). Then, if being 99% sure of meeting the demand from
i=

inventory is desired, x must be found such that the following is true:

P(X<x) = 0.99 = a (18)
-u 0 -u 1
0,99 =2_H® +& ¥, | (19)
0! 11
R e-uux
oee X!
- X i
e "y L (20)
i=0 i1

where:

BCOND + BRPD + BRPB.

=
n

STKB is given by the value of x that satisfies eq. (20). Two values of
STKB must be calculated: one for CONUS bases, one for overseas bases.
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Calculate Depot-Condemned Items (DCOND): DCOND is average number of
items on order by depot at any time due to condemned items. (Base condemns
item; depot instantly orders replacement.) It is given by:

DCOND + OMFH x DPDT x T, eonp (21)
MTBD

where:

DPDT = the span of time (days) from requisitioning an item from the
supplier to receiving the item at depot.

Calculate Depot-Repair Items (DRPD): DRPD is the average number of items
undergoing repair at depot at any time. When the depot sends an item to a
base in exchange for an item needing repair, the item needing repair is sent
to the depot and repaired; then this repair item is available for reissue.
This span of time (days) is given by DRCT. Two values of DRCT are necessary:
one for CONUS bases, one for overseas bases. The equation to calculate DRPD
is:

DRPD = [(DMFH x DRCTU) x (TI «x gﬁ x (1-PERC) x (1-CONDC)]/MTBD (22)

+ [DMFH x DRCTO) x (TI x ;9) x (1-PERC) x (1-CONDC)]/MTBD

where:
DRCTU = CONUS DRCT
DRCTO = overseas DRCT

MC
MO

number of CONUS bases
number of overseas bases

L I ||

In the current program the input DRCT is the CONUS value and the program
adjusts for the overseas base.

Calculate Inventory Level for Depot (STKD): To calculate STKD, use egs.
(18), (19), and (20), with u equal to

u = DCOND + DRPD (23)

and STKD is the value of x that satisfies eqs. (18), (19), and (20).
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Calculate Initial Costs Installed (CTALLD): This is the number of items
installed, multiplied by UC--the unit cost of an item. This represents the
cost of buying enough items to exactly fulfill all in-use requirements.

Calculate Initial Base Inventory Costs (CINIBS): This is given by

CINIBS = [(STKBO x MO) + (STKBU x MC)] x UC (24)

where:

STKBO = calculated base inventory level for an overseas base
STKBU = calculated base inventory level for a CONUS base.

CINIBS is the cost for filling the inventory at base level when initiating a
new system.

Calculate Initial-Depot-Inventory Costs (CINID): CINID is the cost for
filling the 1nventory at depot level when initiating a new system.

CINID = STKD x UC (25)

Calculate Annual Costs of Base Repair (CREPB): This value consists of
two amounts. The first is the amount spent annually to repair items at
bases. The second is the annual cost of condemning items, where the cost to
condemn one item is assumed to be the same as the cost to repair one item at
base level,.

CREPB = [(PP x CONDC) + (PP x (1-CONDC) x PERC)] (26)
x BLR x BMH

where:
BLR = base labor wage rate per hour
BMH = base man-hours to repair an item.

Calculate Annual Costs of Depot Repair (CREPD): Any item not repaired at
base nor condemned at base is treated as being repaired at depot.

CREPD = PP x (1-CONDC) x (1-PERC) x DLR x DMH (27)
where:
DLR = depot labor wage rate per hour
DMH = depot man-hours to repair an item.
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Calculate Annual Remove-and-Replace Cost (CRANDR): When an item fails,
it must be removed from the host equipment and replaced with a good item. The

time required for this is called "remove and replace" time. The annual cost
is given by:

CRANDR = PP x RMH x BLR (28)

where:

RMH = man-hours to remove and replace an item.

Calculate Annual Repair Parts Cost (CPARTS): CPARTS does not include
replacement of condemned items. Only repair kits or parts are included.

CPARTS = PP x (1-CONDC) x (UC x BMC/100) (29)

where:

BMC = cost of repair parts or kits (as a percent of unit cost)

Calculate Annual Condemnation Replacement Costs (CCONDM): This is the
cost of buying replacement items from suppliers:

CCONDM = PP x UC x CONDC (30)

Calculate Total Annual Costs (CANUMA):

CANUMA = CCONDM + CPARTS + CRANDR + CREPD + CREPB (31)

Calculate Total Incremental LCC over Lifetime of System:

CTOILC = CTALLD + CINIBS + CINID + (LFT x CANUMA) (32)

where:

LFT = Lifetime of item (years).

Items With Calendar-Month-Dependent Demand Rates

Many calculations performed for flight-hour-dependent items are
jdentical to those for calendar-month items. Equations that must be changed
are described below.
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MTBN:

MTBD = 1/0IMD

where:
MTBD is in months
OIMD is in demands per calendar month per item.
PP:
pp = 12 % TI
MTBD
BCOND:
BconD = _BSPT__ » T conne
MTBD x 30
BRPD:
BrPD = __ B30T, TT , (1-PERC) x (1-CONNC)
MTBD x 30
BRPR:
BRPB = _BRCT___  TI o pEre
MTBD x 30 M
PCOND:
pconp = BPOT x TI, conpc

DRPD:

MTBD x 30

DRPD = [DRCTU X TI X ;E x (1-PERC) x (1-CONDC)]/(MTBD x 30)

+ [PRCTO x TI x 39

x (1-PERC) x (1-CONDC)J/(MTBD x 30)

(33)

(34)

(35)

(36)

(37)

(38)

(39)




DATA INPUT FORMAT FOR LCC-LSD COMPUTER PROGRAM

In this section the input format for data required by the LCC-LSD program
to perform an incremental LCC analysis for an item is described. Examples of
applying the program to the D041, D039, and D062 data bases are given in the
next section, along with a table describing the location of required data in
the various data-base printouts. The rest of this section will show proper
placement of the data on each type of data card and how to arrange the cards
in an input deck.

Card
Type Description Format
3 1 Plotting option - NPLOT I1
F.
;i NPLOT = 0, no plot
:1 NPLOT = 1, plot results
|
- 2 Title 80A1
-
! Any combination of alphanumeric characters.
F, column 1 MUST be blank.
:
t . 3 No. of values of MTBD - NM I1,2F5.2

Fraction of original MTBD desired - C(2),C(3)

NM =1 if only MTBD calculated in program is to be used
on the plot; C(2) and C(3) are not used.

Example: 1
Column No. 1

NM = 2 if MIBD calculated in program is to be used for
the plot, and the fraction of MTBD given by
C(2) is to be used for the plot; C(3) is not
used.

Example: 2.35
Column No. 1234

NM = 3 if MTBD calculated in program is to be used for
the plot, and two fractions of MIBD--given by
C(2) and C(3)--are to be used for the plot.

Example: 3.85 .70
Column No. 123456789
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- Card

with each run - PNT
Selection of BMH or DMH - NSEL

4 Type Descripticn Format
% 4 Number of values of BMH or DMH desired on plot - NH 12,F5.2,11
Fraction of original value by which BMH or DMH decreases
]

10

L NH <
o PNT < (1/NH)
: NSEL = 1 BMH will be varied and shown on plot
NSEL = 2 DMH will be varied and shown or plot

Example: 3 .10 2
Columr No. 23 8

& Three values of DMH will be plotted:
. DMH, 0.9 x DMH, 0.8 x DMH

5 Type of present-worth analysis - INTANA 12,2F6.2
Interest rate - INT
Inflation rate - IFR

. m—a—

INTANA = 1 No present-worth analysis; INT and IFR
are not used.
g INTANA = 2 Present-worth analysis without inflation;
¢ IFR is not used.
' INTANA =

3  Present-worth analysis with infiation; ;
I INT and IFR are used. h

Example: 38.0 5.0
Column No. 23 9

INTANA = 3; INT = 8%; IFR = 5%

6 Demand index - ID 515,F6.2
Total number of items installed - TI
Lifetime of item - LFT
Number of CONUS bases - MC
Number of overseas bases ~ MO
Percent of items repaired at base - PERCNT

o

ID 1 = Demand is flight-hours dependent
ID 2 = Demand is calendar-months dependent
PERCENT < 100.0

- il 2ot A "
DT At j h
R N S WS SV N

_ Example: 1 4364 10 13 2775, !
& Column No. 5 1 1 2 22 ‘
0 5 0 56
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Description Format
ID =1 MC = 13
TL = 4364 MO = 27
LFT = 10 PERCNT = 75
7 Man-hours required to repair item at base - BMH 8F10.5
Man-hours required to repair item at depot - DMH
Man-hours required to remove and replace an item - RMH

Demand rate for item - OIMD

Unit cost for item from supplier - UC

Confidence coefficient for inventory - SIGMA

Cost of repair parts or kits, as percent of unit cost - BMC
Percent of failed devices that are unrepairable and are
condemned - COND

OIMD: Given in failures per unit time indicated by ID.

For ID = 1, demands per 100 flight-hours per item
For ID = 2, demands per calendar month per item
SIGMA < 1.00
Example: 4, 3. 1.5 .0031
Column No. 1 1 2 3
1 1 1
Example: 316.7 .99 67. 16.5
Column No. 4 5 6 7
1 1 1 1
BMH =4 uc = $316.70
DMH =3 SIGMA = 99%
RMH = 1.5 BMC = 67%
0IMD = 0.0031 COND = 16.5%
8 Days to repair at base - BRCT 4F10.5
Average flight-hours per day per device - DMFH
Number of days to receive a new device from supplier
at depot - DPDT
Days to repair at depot from CONUS base - DRCT
Example: 6. 1.5 270, 12,
Column No. 1 1 2 3
1 1 1
BRCT = 6 DPOT = 270
DMFH = 1.5 DRCT = 12
23




If more than one type of item is to be analyzed, type-2 through type-8
cards are presented for each additional item to be analyzed. A data deck has
only one type-1 card.

If the plot option is not selected, type-3 and -4 cards may NOT be
omitted. They may be blank; but if they are not, the data on these must be in
the correct type-3 or type-4 format. This allows the user to run programs
with or without plots without having to constantly remove or insert plot-
information cards.

If a value is not specified, it will default to zero due to using FORMAT
statements to input data.

APPLICATIONS OF LCC-LSD MODEL

D041 Items

The many changes made to the original LCC-LSD model prompted another cost
analysis of the D041 items--the anti-G valve and the CRU~-68 oxygen regulator.
In addition to presenting updated input and new cost results, this section
provides detailed documentation of where to locate needed input information.

The cost results from the updated information differed from those of the
original, not so much due to program changes as to rather significant changes
in input information. In the case of the regulator, the influential factors
appear to be the cost of repair (increasing from 70% to 81% of unit cost) and
a decrease in condemnation rate (from 3% to 2%). Since most regulators are
repaired at the depot, the increased repair rate puts a greater demand on
depot inventory. The fact that the overall cost increased $3.2 million (7.5%)
over the analysis completed a year ago indicates that a careful watch must be
kept on input information.

Originally, the right-hand and left-hand anti-G valves were combined to
form one set of data. The present analysis was conducted on each valve separ-
ately because of substantial differences between the two. When the individual
valve cost results are combined, the net amount is $240,000 (20%) less than
the original. The great difference in MIBD was handled originally by using
the higher figure to represent both right and left valves. By separating the
MTBD to respective valves, a more accurate cost analysis is obtained.

Turning attention to Figure B-4 (Appendix B), the detailed costs are
shown after an echo of the user input information. The list of costs on the
top left-hand side is the user information in summary. The list on the top
right-hand side is the standard information built into the program and not
affected by user input. Notice that the breakdown of costs (bottom half of
output) also includes relevant numerical information regarding size of inven-
tories and number of maintenance actions. The initial inventory costs are
separated into base and depot, and each component contributing to yearly main-
tenance is represented. The annual maintenance cost is multiplied by the

24

" - R e Iy




Ty
.

RS i G i A
f

ORI I P VS L

analysis period, and a total incremental LCC is presented. The LCC-LSD output
for the left-hand anti-G valve is shown in Figure B-1; and for the right-hand
valve, in Figure B-7.

Table 1 is a detailed guideline for finding the necessary information to
run the LCC program for D041 devices. All readily available information is
found in the D041 factors printout. The remaining information must be esti-
mated or investigated through an equipment specialist. The phrases within
quotes under "Location for D041" in Table 1 are titled sections of information
within the factors printout. Figure 2 shows the exact locations of these
titled sections.

Several variables deserve explanation to clarify the use of certain num-
bers or formulas. Information regarding identification of the item tells
whether item failures are measured per calendar month or per 100 flight-
hours. In the analysis of the regulator and valves, rough estimates have been
used for total number of devices in service. The estimates were based on the
factor printout section labeled "Total Item Past Installed Program." This
section gives total number of flight-hours for all applications of the parti-
cular item. Applications are the number of final products (such as air-
craft). The number of items per application and the percentage of applica-
tions using the item also are considered in the Past Installed Program. The
problem is that the number of applications is not given, so basing the number
of installed items on the total number of flight-hours creates a high prob-
ability of error. The precise numbers of applications apparently exist some-
where because these numbers are necessary to determine total flight-hours of
all applications in the factors printout. Investigation into other data base
outputs may provide the exact number.

The confidence coefficient of inventories is .99 for all items analyzed
in this report. This guarantees that a space will be available in inventory
(depot and base) 99% of the time a demand is received. The computer program
in Appendix C provides a capability to assure a different confidence coeffi-
cient (SIGMA) whenever the average inventory level is less than 50 units. For
average levels of 50 or greater, the program will assure 99% confidence
regardless of the input value of SIGMA, due to the use of the normal deviate
2.33 in three formulas near statements 660, 670, and 700.

The repair cost represented in the €factors printout as "“Unit Repair Cost”
consists of cost of repair parts and/or kits plus the labor involved. The
labor portion of this cost is subtracted out so that labor cost can be identi-
fied separately. The revised repair cost is then divided by unit cost and the
quotient expressed as a percentage for BMC.

Table 2 describes the input data used for the analysis of the oxygen
regulator.
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Variable
=2

Tl = 25,000
LFT = 10
PERCNT = 7.
MC = 45

MO = 15

BMH = 6.
DMH = 6.
RMH = 1.5
0IMD = 0,02
UC = 469.00
SIGMA = 0.99
BMC = 81.
COND = 2,
BRCT = 4.
DMFH = 1.5
DPDT = 180.

DRCT = 37.

Fig. 2, IN

OXYGEN REGULATOR (P041 INPUT)

Comment

First digit of "PGM SEL" = 3,
hence ID equal 2

Investigation done in original
analysis (from 1978 data)
resulted in estimate of 25,000

Estimate

Estimate made on MC, MO based
on 60 total bases used in orig-
inal analysis

Investigation necessary to
determine if base repair hours
differ from depot repair hours

Estimated

Rounded .015 up to .02

Rounded 468.7 up to 469.00
Assumed safety margin

Labor cost = 6 x 18.05 = 108.3;
subtract from 487.79 (BRMC) =
379.49

Percentage = 379.49 81% of UC

468.70

Estimate, not really pertinent
since device is calendar-month
dependent

Estimate




D039 items

Qur investigation of the anti-G suit indicates that DO39 items can be
analyzed with the LCC program for meaningful results. The negligible repair
time for the anti-G suit (as for most D039 items) eliminates the need for some
basic input information required for analysis of D041 items. This situation
causes the presence of zeros for some input variables and output results con-
cerned with maintenance. However, meaningful information for inventory and
condemnation costs are still computed leading to a total incremental LCC. The
format for input information does not change because of nonrepairable items;
it will just contain some zeros. If repairable D039 items are to be analyzed,

the same information is required as for LOGL Ttems.

Three basic sources of infermation are required to complete input for
D039 items:

(1) Format 50 -- Item Management Data
(2) Format 100 -- Reported Assets/Requirements Details
- (3) Format 250 -- Projected Requirements/Assets Summary

E i Though much of the information does not appear in these format printouts, the
: critical data do. Our efforts to obtain the missing information in some form
of data-base printout were unsuccessful. The indications are that repair data

on D039 items are kept if the time and/or cost is significant. Persons more
familiar with the data bases may be abl: to find that information.

Table 1 described how input data for D039 idtems in general can be
obtained. Figures 3, 4, and 5 give the exact Tocations of printed information
on example printouts. A couple of variables from Table 1 require further
explanation. The assumed lifetime varianle is stated in the table as requir-
ing investigation or estimation. However, Fformat 50 contains a space for
average life expectancy which is computed in most instances by an equipment
specialist. For the D039 item analyzed 1n this report (the anti-G suit), the
nunber was not entered on the printout, so we assume that this information
will not be present for future analysis. If the average Tife expectancy has
been investigated and printed, its location will be in section A, line BBBBB,
column 66-67 of Format 50.

A major difficulty arises in distinguishing an accurate demand rate
(OIMD) for D039 items. A replacement factor given in Format 250 represents
average number condemned (per year) divided by average number in use. In
essence, it is a condemnation rate. We found, however, that the replacement
factor is influenced by misleading figures because it represents all sizes or
variations of the master stock number. For example, the anti-G suit sup-
posedly has a .25 replacement factor (according to the Format 250 printout),
but investigation proved that the master stock number, 8475005458197, has only
a .017 condemnation rate. The factor had been inflated by interchangeable
stock numbers, most of which have a condemnation rate of .999 for one reason
or another. Therefore, investigation is urged in selecting an accurate demand
rate; especially to guard against the inclusion of insufficient data from sub-
stitutable or interchangeable stock numbers. The condemnation rate and repair
rate are used instead of the replacement factor when repairs are performed on
the anti-G suit.

30




oo

*qnojutdad G Jewdo4 6£00 g 3unbLd
IL aNo?
ot 12 6€ 1% 19 € 6002 tetd
egiet 2 . sLLet U gloz2 tvof20 22& c——-- cmmcee-23302 LoTEsPENLLLYS ooLIn 3
6~0¢ s9-0y =2y ly-2i Li-vi EE-b2 8Z-v1
"N ot LA 2 V1 N Y1) 4 -A3Ed- 4N /9 978 Wiy B/S /% B/E ----AJudmee =-iNIMEVI-- Jivw wigmlN 93318 010D 1388y
-==9%¥ VI35 SANIW 3$N NI 0I4¥NdIV S¥id SISV~~~ cmmmme=e—~NABI/NID a4 §HTIUVYID LS P4 Alefluvny
1
Zivt  s0€0€ O 0 Liv? 8r0e2 256 " (1% n 0 2 b 124 [EF 211 w0
0 $ 0 0 2 € (3] 1 9 [ b) 0 h) 1 i2 SvECHEENOSLYD [T YU ]
[ [ ] ] 0 -] ¢ ] [ ] ] ] 3 4] o FLEIOLYVNS LY Go0Ne )
o 2 3 ° 0 2 0 0 0 [} [} d ] b] 4 FEVTISEYIO0C L0 oon¢y )
[ 4 b] J 0 2 b cl [1] 0 [} 0 ) ) 19 LOY2LOYOUSLYS anein )
29100 952060 0DDOOD 200000 SEYZO00 199420 $1 8000 00000 042000 00000 X000 0303) 33300 #099) 1Ii11¢0 1619595005 v0 oo )
o/u Tvay $2135Sy $235SVY $13SSy S135Sy $35537 1i-49 99-19 D9-95 65-0§ 6v~5v v9-0b bE-Li yE-b2 [TL&3 2] ANILS 14
Q30N iUl AWISNY 01 A¥3IS IAS N1 Tv1d1 W3IWL)D i40) ad4 43% TSNT 1NN dvW JulDV/y ¥IPWIWN %I LS 138%7
144 €3002293)) (2] n ] $ 3 38 a1 gvvy wev v vy LYESLSENUSLYE cocso 3
1d) 930033333d v3 n 9 11 3 3 n IVY 9¥Y vyv 3 11} LT VNTHDNLLYY 000y W
144 3900360350 v n ] 9 3 3 N avy JvY vev ) vy FEv15020051 %6 oo 4
1d3 1210023333 [ F] n [} [4 r 3% b1 Jvyv gvy vy ] vy LL%20(.8Y0G54Y0 o2y d
144 0510030703 v3 n [] $ 9 3 ni vy vey 3 vy L6185Y5006 ¥ 600G @
1% 05-0v Ly-98 LE-98 [T £241 1€ [\ 62 03 v ALdv d d9 vi-»l
248 1} 321 ud 170 dwed 47881 IS dAP 254 Nd 4] (8 )] 351 40 Qqun d uns dIdNIN WIILS $ 321
vily A oz2lo S HETY S3A 3IA 1 32333 ¢
962y 1y-8€ [ e e [13 ve6-1¢ 0¢-9? 12-%2 ¥2-22 12Z-51 @l-31 6l-v1
w011V VdaY 39943 W10 WINO) IVY 43 3iv3 9)da vl 1vAY 134409 J0ud  Q0ud Ing
W3LEAS =TS wively ¥igdine 40 II443IN FONYEY31D 143431088
0323000000 0600303000 r 2942° 0o* 090%(9-v-114 a2t [} J) 4y Aded ¢
19-99 £9-9¢ $s-9y 6y dy-Cy  oE-LC 9€ . sE-u2 s1-91 L1-31 [SRd2!
amc 33 $1302 $1$0Y i1¥) da3v S3Wres 430 wIwaNN JUnd 0QD¥d  WIY  AINIDY
JONNIAY ¥I4L0  viv) 4331 ledd  --Sed MDY 1dS0 33d3/Vid =-=341) OVIV---- Juua
40 r e 4} 0020200048 YVl 0Ad  YIVICENINUESD D/LANY LO10L060UGIYD ) VIleS v
15110363 34l €s-2% 1¢ 11 64-0Y bE-(¢€ ri=v1 €1 2l-n 2
IR TIALE I-14 23 TI43A SAS RERY 39¢ 2032 §13%0W0 343 W} YUY VINIWON NSN dNJED 242D 2129 INDY D4
6214-0-yMn=301~SI¥ = 06 Le48d3 Vird INIWIVINUN 4L 9y ¥INWNN 3IVd 77 W1 3 AlO bR11 A Tysive 9-1 44y
9121°0€00Q w31l INIWeIND] N 1-20/19 Ad 1€ uva 08 40 Sv 1€ Ave OO LA ACYEO0CLve WILSPe § 2 L
,b & k w.» ot ._rlrfr;br..

31

SN



v re ¢
v @ e s
LTUNN | re s
2y 0 re s
Aiv @ re §S
Ay § re s
dGiv @ fe o
bletg €£4-29 99 -y 9
02 N0Sv3a SO 01 nz.no 33
B3C ¥oxal an W 1
T visy  9V0L34 QYVOOU
] ]
s202 v o0es 1009
5 v3av 628234 OVYOOQ
(] Fi
Y t202 e 0008 2000
T vaey  £20234 QYYOOD
0 ]
({1 H o 0000 &
Y I'T * 880 1088
% viay  §06234 OVYOOQ
0 (]
SHYYIR (582 ] " 0000
3 vivw 668234 OwVOOQ
[} £
$7 2202 v tee v
Y 2202 s evee 2000
04=f4 1490 69 29-0% 06-56%
03 N0SY3Id OVFO000 O  W/¥ wONDD
1 wiay 438233 QYv0OQ

{31 3%%e
Jind*es00

N g — v,y

PTAPNCIPLIYER 12 VW

.

Y

i

VINDCiNAuNYY 3/
1t ay

11Ny
0
[ 12}

*3nojuiad 001 ewd04 6£00 ¢ 24nbL4
(3} | 4 W01 v
2 [} oQ0vale 010 008B0S522bu0Y 2619696005209 PAE5656005490
[ [ ] o000Vt 938 00800fL22buEY 4618605086498 $4C6066008520¢
t L} co0vs1e 810 00052 206u0Y 2619605005200 VES05608 5400
1) ] 000V91e 1068 oes0o0f22bN0Y .so.-non..ruoh 295566500849
T ] 000¥S1s YioE eopoDr226u8Y 2619845008409 4602000005298
\} ] 0009918 Wies 00UBOSZ2608Y 467960508 9.48 £9%20ua88 549
S088 £388 0O00VWIYR VIOE B0000F22608% @ CININNND 9/3INY 4018095006400
39-6% 08-5% onow: 2% 3% §9 481y 08-62 82~-a%
ON 934 80 AN30T S§ 23 O NYES 4130 YOnn ON 4 ON NJ01S Wity ON %J01S 135Sy
350 w1 Winy "0 A ¥ 2 NOTAVZINWOMO0 ¥ MO 3MNLIVIINIKON 20N XD0IS ning
T @4y 31NkEND JNYN 3ISVE
[} [ ] [ ] [] W i0) 368
080000 ooseod o0opae 000080 va 461459500620
T4 02V NITNLVY INUN ISVE
] ] [] [ Wi0L 35vE
(111} 000080 000000 0DOGOO 0880GO0 VO 2614595086498
V4 84Y N1T93 INYN 3ISVE
L] ] [} [ ] Wi04 3See
[} [} [ ] [ ] " S4E50550064W
000000 seDp09S " 4602009000620
¥) 84Y SOUVNGI FINYN 3ISvE
2€69 [ ] L] 2682 [121] w01 3svo
259560 008008 000080 20%280 0871900 WO 2630595805298
X4 B4Y ANIIN BMUN SV
] [} [ ] [} Wiol 35ve
L[] e [] [] (1] 4610595805440
000000 000000 DOOBO0 O0DRBRD ¥ 2692089008490
w304 45-6 8-y 2%~4% 9f-1f 0562 s 2-91
135Sy SNINI  ANISNN AN3S V10 130V NnO ON X3015
1N 04y YK INWYN 3SVE
VivV0 43STY OGNV NOTAV2INOMINY 3NT1IDVIe § NOILDIS
00200000% Tval e 49
20 SV 8 NAP 0V N 1=20/19% s 4610695000290 ASYD
1YWp04 471VI30 SININIVINOIN/SLISSY 0IL1D04IY 26TuSNSUDSEOY 215k S WY

IYYL )
PYYL T

PYY-LL I
eed@ §

celt® 1
eet¥n@ 1
1 2%1-¢
9% INIY 23S
1M inisde
1 lsve

£
i

ee?u8 1

2 1uve

3 ee o 1V

¢ v

el 1
eeb¥d8 Y

2 1uve

¢ Lave

3 sV 1
Q eavvd ¥
E§1 2ley 4
13y IN1Y 238

¢ luve
YYSIVe -3 20

8 138 ved]luk
YYS3itd - 90ale
Ml 3 A0 2VweS

32

o




*3nojulad QG2 Iewdo4 6€£0Q

*G 24nb14

wuil
ANB-- 4HDI A3ud
SNjvY 0y _ukd)
Linahbow vvio0l

81080 NO JINENA
wm:c:wnqx N

SHonlaun [P}
AT hul I
AN HCYiv 11
N~UWh/3Y 1a
AT A NgutsS nine
3N NO)vi0Y EL]
4 FLERT i
“50m/UV I nd
t10c yit
At 19
MW hy
viluy gtaa
IviLiud ax
104 w1l (1]}
$1S0% 140
yivl 121}
Sde¥ul 1IN
3210y UavOnVl
10+ U/n 3UlNd
9 lINNseccceacnne
3LV 3 13900U/7ANY

SInLd KNDJY 2aN
2358y Wwi0s n/m
/70 Y Uiunn 3
OASHN ISk
DAL JLHn

FEI AT
340 N1 S13589

SIMDa Wil usm

ANIWIOVIeY
IAlsdgav oW M

Hhn
JATLN00Y 4

Avlilnd a4y
Iellul Lhe

YR savoe

B 19K 138 V)il

verr e ANIb 5T aww el " §53213 .
{ .
£248 etz 823 duast . 1add s sauv i390ne vos LYY
%3
[N 1412 it T vl e : I R Gearr
PEEY 15¢ osvl wh¢l Avs S8 . -_
(L) [RRY a411 L0i2 - .Uﬁd nuw: mnn “
4] Lyt cel! bLyt ave wb ~>aw PER
vt Yy bay “4vs YISy WD o AN 130 525909
PR S 3 TR (3 4 S 1< I+ i SIS
- ) R
S »mmw mr*m k¢w~ v u umm emu ;mo mmm_ B addy S1Q0 2s¢2
Lén £282 owtt [WRL] 90 40 o 562 “sy 429 [y .
shel Vit EIWEY t2s2 o ¥S ['RY 24 481 . N4
[P Vit Stif manw 34v 00 o mn (XY mk CI19} Y2I8H o
(i tot nln Py . i 2 .
R 1ot SN (L9 Javy 90 o~ ¢ [] ] 2 OVY¥INOD o
e T 3¥: B0 awewe 58 ¢ i iH 21y o
i k¢ § ] 2T Su2 Lin M2 .
P 03 214 gl nHN 40 o L9 192 bi111 6261 0654V o
imle ainil Y AN } | wron O0h0OD o [hDY uw:-m JAS NI lulb SOn -
s Sesfaattacce  Sh0KD o 13N -2 -- _wmm<---n 55049 .
Inu111509 1350A61408 1Y V1V0 ONVNKOD==a—>-=N0111S0d 135000YANG IV vivo SOM . --
fo8LE 2958 59l 8178811 " hhooog) A8y '810)
[ 0 [] o v u
: ; : ; : j
Tvw'BEEY 254 s9c7 Y1881 hhv oIC) bwws‘og (A
ATt TLL 9T P18 4511 99/°9A€°1 1Lb'16b
568 TS TSS LELY 4LEL9
BA WAL BIU WAN  uA NIS HID HIS  NA WIS UID HIS  MA HIN WL HIN  13006NE AlL
N(sof  9GLAT  8rhsl wECr 4eé 9 ° .
e IyeE Ireg I/ree AgAleg Ll 4y 291¢Q alee el 2oNitE 9lres 9/e¢ s
2494 2dnd 2488 24%2 PZLY] T ¥LYS FTLY) r¥3 Y} PEL Y] FPL Y} 24%2 rZLY! 0
' ] ' ] 0 0 0 ] 3 0 0 0
1592 2582 1592 1£92 1592 1582 i£92 FENLT4 1582 1E%2 1592 1€9¢
0 0 ] (1] ] 0 [ [/} [] 0 0 M
LovYr LYY Lorre  pecee LOCYT  LOYYT  Lorzr gerer Loxre Lorer et LeteT
3A1T) US  AASIS  Ysbsh  E09hk  Opmoh  £SOLEC  999LC  BLIIL  ORAAE  LITHT  SLISE
Fone€  irc  BIE9r  LIBUE  SrAad] SIS/ SL8E1 Jihrey €941 SNb £9h [
0 [ ] ° (] 0 v 0 [ u v ° 0
o 0 0 0] [} ° ° ' (] 0 m '
SLIST $LISC  SLISe SUIST LISt SLISE  AuLise Suise  Swst suist £LIst slisy
0 ) 0 ) 0 ] ) 0 ] ' 0 0
0 ] ' L ¢ 0 ] ] o 0 ] '
. v L] , n n ] ' b v. |
W =] [} % M N Q (9] [} M ) m
LA 29/% sy uuma w2 2u/sn ~wm- 2w/2 {YA sy 29/% 03)80d3¥ == A4 Y il
VINDSININEYY B/ LinY Ah QU2UD80UNY Dyul
sy 9% { byWw ud Jo SV £0 NP OV N Ve28/18 A4 2616686006406 MDD

VInd*eE0C 8214-C-auk-307-528 082 Iv-004

AWYNNAS S1ISSV/SINIWIalN03Y 031230 04d

dbIvsnEn0sSIay diSk SV1

yWeive = 2233
vy Ml 3 AU DTS

33




The condemnation percentage (COND) is determined by dividing the condem-
nation rate by the demand rate. For example, consider the following printout
fiqures:

.05
.20

Repair rate
Condemnation rate

#on

The demand rate (0IMD) equals .05 + .20 = .25, if no other interchangeable
stock numbers are to be included. Therefore, the condemnation percentaqe
(COND) = .20 = .25 = 80%. If the repair rate equals zero, the condemnation
percentage becomes 100%.

The input data used for the analysis of the anti-G suit is shown in Table
3. Much of the input is concerned with repair data {variables BMH, DMH, RMH,
- BMC, BRCT, DRCT), but such data were negligible for the anti-G suit. Unfor-
L. tunately, we could not obtain the number of bases using the anti-G suit
L because this information involves the 1locations of certain planes. These
e locations were confidential, so we made a reasonable quess for the number of
; CONUS and overseas bases. Usually this information can be found in D039
i Format 100 printout {(Fig. 4). Due to these same circumstances, "average
flight-hours per day" for applications using the suit was also nondetermin-
able, so again an estimate was made. All other information was in the format
| printouts.

v gy e

PR T
-

Fiqure B-10 is the LCC output for the anti-G suit. The top half of the
output is the echo of input data divided between the input unique to this item
(teft side) and the standard input for all items (right side). In the unique
input data, the number for mean flight-hours between demands is calculated
directly from the demand rate. Also in the same column, the number of bases
is separated between CONUS and overseas.

The bottom half of the output report {Fig. B-10) is the cost analysis in
terms of number and cost. For the anti-G suit, $3.26 million is necessary to
initially supply the 60 bases with installed items. Each CONUS base requires
two items in inventory for 99% security of not running out; each overseas base
requires three items, with the extra item reflecting the greater time for
resupply. The cost to initially stock all bases is $19,845, For the 99%
security at depot level, 145 items need to be stocked (at a cost of $21,315).

Since no significant repairs are made on the anti-G suit, the annual
maintenance cost is actually the cost associated with resupplying condemna-
tions. With the demand rate used, 145 items will be condemned per year on the 1
average. The cost of replacing the condemned items is $21,315 per year; and
over a 10-year period, $213,150 (without discount or inflation). The total
incremental LCC of using this item totals $3.52 million.
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TABLE 3. ANTI-G SUIT (D039) INPUT

Variable Location Comment
In =72 -- Calendar-month-dependent used hecause
demand rate is in terms of months
Tl = 22,207 Fig. 3, TI Represents average in wuse over most
recent 4 quarters ‘
§
LFT = 10 - Estimate; actually, suits have no speci- ‘
fic lifetime ;
MC = 45 - Estimate i
MO = 15 -- Estimate i
|
PERCNT = 100, -- Investigation at base level revealed no @
depot repairs
BMH = 0. -- Investiqgation at base level, all times j
DMH = 0. are negligible i
RMH = 0. !
0IMD = 0012 Fig. 3, COND Repair rate = ,000
COND rate = .017
Demand rate = Lﬂlli;ggg
12
- .0o12 demands
month
ue = 147. Fig. 5, UC
SIGMA = .99 -- Estimated safe inventory coverage
BMC = 0. - Investigation showed insignificant
_ repair costs
;“f COND = 100, -- Repair = .000, so demand rate is made
E{ up entirely of condemnations
3.1 BRCT = 0. - Investigation revealed negligible time
¥ loss if repair made
fl DMFH = 1.5 -- Estimate
- 4
o nPpT = 300. Fig. 5, DPDT Time is given as 10 months on printout;
! multiply by 30 days/month
DRCT = 0. - Investigation showed no depot repairs
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D062 Items

D062 items are unrecoverable. Once shipped from the depot, these items
are no longer accounted for at depot level. This fact alone makes the assem-
bling of input data for an LCC analysis difficult. However, a fairly accurate
demand rate can be manually computed based on past demand from bases. This
critical information, combined with good estimates for other data, can produce
the desired cost analysis.

The input data required for an LCC analysis of a D062 item is the same as
that for D039 and D041 items. As with D039 items, much of the input informa-
tion for D062 items is not available on the standard printout. The missing
data must be investigated, at the base or depot level for best information, or
estimated. The standard printout for D062 items is titled "EQQ Computation
Notice," in which three input variables can be found--0IMD (indirectly), DPDT,
and UC. Many of the input variables concern repair, $o bharring the unusual
occurrence of a D062 item requiring significant repair time and/or cost, these
variables will reflect values for no repair.

Accountability of D062 items is minimal at depot level, so good estimates
of total items in use and number of bases using the item can be difficult to
get. The approach used in the analysis completed for this report was to find
an accountable item whose end use is the same as the D062 item. Then we took
the total in-use and base information for the accountable item and used these
for the D062 item.

The D062 items analyzed in this report are an oxygen mask and oxygen con-
nector. To obtain an estimate of the total number installed, we assumed that
one mask and connector existed for every oxygen regulator, a D04l item for
which an accurate estimate of number installed was available. Therefore, for
in-use and base information, we matched the D062 items with the depot-
accountable oxygen regulator.

Table 1 described how input data for D062 items 1in general may be
obtained. Figure 6 gives the exact Tlocation of printed information on a
sample EOQ Computation Notice.

The demand rate (0OIMD) is determined by using the number from Monthly
Rate-Demands (DMND) of the EOQ Computation Notice. One of the following two
computation methods is used, based on whether the item is flight-hours or
calendar-month dependent.

(1) OIMD, flight-hours dependent: Take DMFH (flight-hours per day per
device) x 30 (days/month) x Tl (total in wuse). Divide this number
(flight-hours/month) by 100 and take the result to divide into DMND
(Monthly Rate-Demands).

Example: DMFH = 2 flight-hours per day per item
Days per month = 30
Tl = 2000 total items in use
DMND = 50
2 X 30 x 2000 = 120,000 flight-hours per month
120,000 + 100 = 1200
50 + 1200 = .042 demands per 100 unit flight-hours.
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(2) OIMD, calendar-month dependent: Take DMND (Monthly Rate-Demands) and
divide by TI (total in use).

Example: Tt = 2000
DMND = 50
50 = 2000 = ,025 demands per month per item

The input data used for the oxygen connector is shown in Table 4. Most
of the input has had to be investigated or estimated, which should be avoided
if possible. A search into data bases interfacing with D062 or associated
with end-of-quarter (EOQ) times may provide some additional solid information.

The cost results of the LCC analysis for the oxygen connector are printed
in Figure B-11, The top half of this output gives an echo of input data
except for mean flight-hours between demands. This number is calculated
directly from the demand-rate (OIMD) input. It indicates a total of 1351
flight-hours between any condemnation, on the average. The bottom half of
this output gives the desired output information, Notice that the total
initial cost of supplying the necessary base items is $413,250. The required
base inventories, to be 99% sure of not running out, are 22 for CONUS and 44
for overseas bases. The associated combined cost for initial stocking is
$27,275. For the 99% security at depot, 10,363 items need to be kept in
stock, at a cost of $171,300.

For annual maintenance cost, the 10,128 so-called repairs are actually
annual condemnations, because the input data reflected zero repairs.
Therefore, with no repair costs, the only annual cost is the cost of replacing
condemned items--$167,416 per year. This number is multiplied by 10 to obtain
the lifetime (10 years) maintenance costs. Finally, the 10-year maintenance
cost is added to the initial costs to give total incremental LCC--$2,285,983.

Figure B-12 contains the LCC-LSD output for the oxygen mask.

SENSITIVITY OF COST TO CHANGES IN
RELIABILITY AND MAINTAINABILITY

The incremental LCC for the oxygen regulator is $43,495,544 (Fig. B-4);
for the right-hand anti-G vaive, $123,573 (Fig. B-7); and for the left-hand
valve, $907,337 (Fig. B-1).

To reduce LCC, possibly by improving maintainability (reducing hours to
repair), design changes could be considered. We conducted a sensitivity
analysis to determine the dollar savings resulting from various assumed
reductions in demand rate and repair hours. This, of course, would indicate
how much money could be afforded for the design changes.

For the oxygen regulator the demand rate was set at 100%, 66.7%, and 50%
of the input value; and for the anti-G valves, at 100%, 50%, and 33.3% of the
input values. Most regulator repair work is done at depot level, so the DMH
was set at 100%, 92%, 84%, 76%, and 68% of the input OMH value. The anti-G
valves are usually repaired at base level, so the BMH was set at 100%, 92%,
84%, 76%, and 68% of the input BMH value. Incremental LCC was determined for
all 15 combinations (3 demand rates X 5 man-hour values) for each item.
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TABLE 4. OXYGEN CONNECTOR (D062) INPUT

Variable Location Comment

0 =1 - Equipment specialist recommendation

TI = 25,000 -— Matched total in-use values with oxygen
regulator

LFT = 10 -- Estimate

MC = 45 -- Matched base number with that of oxygen
regulator

MO = 15 -~ Same explanation as for MC

PERCNT = 100. -~ No depot repairs for D062 items

BMH = 0. -- Investigation at base level; all times

DMH = 0. are negligible

RMH = 0.

OIMD = .074 Fig. 6, DMND See text for computation formula;

DMFH = 1,5, TI = 25,000,
DMND (monthly demand) = 826

Uc = 16.53 Fig. 6, UC
SIGMA = .99 -- Estimated safe inventory coverage
BMC = 0O, -- Investigation showed insignificant
costs
COND = 100. -- Demand is entirely caused by condemna-~
tions; negligible repair time if any
BRCT = 0. - Investigation revealed negligible repair
time
UMFH = 1.5 -~ Estimate
DPDT = 365. Fig. 6, DPDT Must add "Administration” + "Production"
under Lead Time section
DRCT = 0. -~ No depot repairs
.
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Figures B-5, B-8, and B-2 (using MTBD, the reciprocal of the demand rate) show
the results for the regulator and right- and left-hand valves respectively.
The results are plotted in Figures B-6, B-9, and B-3. The greatest reduction
in total cost results from reducing the repair hours (over the ranges
explored).

Almost all reductions occur in maintenance costs, with the number of
installed devices remaining constant and the inventories being decreased only
slightly.

Doubling the MTBD for the oxygen regulators shows a reduction of $16
million (36%). Tripling the MTBD for the right- and left-hand anti-G valves
shows reductions of $49,000 (39%) and $534,000 (60%) respectively.

CONCLUSIONS

As a result of this study, we believe that the Logistic Support Cost
Model of AFLC is too complex and has data requirements that are too vague for
use with 1ife support equipment. A model for costing the life cycle of life
support devices (the LCC-LSD model) has been developed to use data obtained
from the D041, D039, and D062 data bases to analyze changes in LCC due to
changes in design and maintenance strategies. The LCC-LSD model calculates
installed cost, initial inventory costs, and maintenance and replacement costs
over the lifetime of the item to provide data for the analysis. An optional
plot capability enables the user to rapidly assess the effect on LCC from
reducing demand rates and repair times.

The ease and reliability of an analysis is related to the type of item
studied. D041 items are the easiest to analyze and provide the most reliable
results because of the detail provided in the D041 factor printout about an
item and its repair history. D062 items are the most difficult to analyze and
have the least reliable results because very little information is available
on a D062 EOQ Computation Notice. A major problem is having to estimate the
total numbers installed by matching a D062 item to an item that has a known
number installed and the same end use. D039 items fall in the middle ground
in both ease and reliability of analysis. Determining the number installed
and number condemned from the Format 50 and Format 100 printouts is the major
problem encountered in analyzing a D039 item.

For confirmation of the number installed or number condemned for D039 or
D062 items, consulting an item manager or equipment specialist at a base or
depot is very important.

The ease of estimating the number installed for a D041 item depends on
the type of demand. For calendar-month-dependent items, the number installed
is estimated very accurately by the monthly figure for past item-installed
programs. For flight-hour-dependent items, estimating the number installed is
difficult. If the number of each type of plane is known, then the number
installed can be accurately estimated. Air Force personnel may be able to
readily obtain this sensitive information.
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H
‘} We recognize that LCC 1is only one of a variety of considerations when
"1 establishing design specifications for life support equipment. For example,
y ] when justified by threat-to-life situations, reasonably high levels of reli-
1 ability should be specified, along with a requirement that such reliability be
demonstrated through tests. This adds to initial cost, but in addition to
; saving lives, it reduces annual maintenance costs. Items such as the oxygen
f regulator, with periodic overhaul required even though the item has not
. failed, should be reexamined. However, LCC analysis can identify areas where
k- significant savings can be realized. Shelf-life is one area of potential sav-
X ings which surfaced in our analysis. The short shelf-life for some items cén
= possibly be corrected by using more durable materials, providing better soul-

: ing from environmental influence, and simplifying the design.

Finally, efforts to reduce LCC are often frustrated by the hard realities
of meeting budgets and schedules. Managers are often reluctant to fund during
a current year the extra development costs that will produce maintenance sav-
ings for other managers in future years. However, the U.S. Air Force could
focus more attention on increased reliability in life support equipment and
justify the added initial cost through LCC analysis. Reliability is attained
during design, is strongly increased by simplicity of design and elimination
of nonessential requirements, and is only specified in a meaningful manner
when quantified and defined by test requirements.

Lk
sl o

RECOMMENDATION

L The one outstanding problem still unsolved after this research is how to

o accurately determine the number of items installed for D039 (anti-G suit) and,

} especially, D062 (oxygen mask and connector) items. The LCC-LSD model com-
putes many values based on total items installed; hence, the more accurate the

| input for number of items installed, the more accurate are the computed

: results. We recommend that a method be developed for finding the number of
installed items. This can be done by finding the raw data base for the infor-
mation sought. Throughout this research, we have found many data bases that
collect a great variety of data; but for the most part these data were
retained in raw form rather than in logical data bases of the kind needed for
LCC analysis. The full potential of LCC analysis will be achieved only when
the required data bases are formatted in accordance with the logic appropriate
to LCC and become routinely available.

The theory of incremental life-cycle costing need not be restricted
solely to life support equipment. The LCC-LSD model can be applied to any
£ equipment where failure and repair activities contribute significantly to
total life-cycle cost.

X
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APPENDIX A. THREE PRIMARY EQUATIONS OF THE
AFLC LOGISTICS SUPPORT COST MODEL

C, = Cost of FLU Spares

1

N (PFFH)(QPAi)(UFi)(1~RIPi)(NRTSQ(DRCT)
; (STKi)(UCi) + ii MTBFi

H

(UCi)
.i

H M2

1

N (TFFH) (QPA.) (UF.) (1-RIP.) (COND.)
+ T 1 1 1 1
- MTBF .

wce.)
1 i

C2 = On-Equipment Maintenance

N (TFFH)(QPAi)(UFi)
MTBFi

[PAI“lH_i + (RIPi)(IMHi) + (1-RIP1)(RMHi)] (BLR)

+ JEFH (SMH) (BLR) + (TFFH) (EPA)

SMI W—_ (ERMH) (BLR)

C3 = 0ff-Equipment Maintenance

N CTEFH) (QPA.) (UF ) (1-RIP,)
=z MTBF

(BCMH..) (BLR)
1 i

+ RTSiC(BMHi)(BLR + BMR) + (BMCi)(UCi)]

+ NRTSi[(DMHi)(DLR + DMR) + (DMCi)(UCi)]

+ [2(NRTSi) + CONDi][(PSC)(1-OS) + (PS0)(0S)>1(1.35 Ui)

(TFFH) CEPA) (1-ERTS)

ORI (EOH) (EUC)
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APPENDIX B. LCC-LSD OUTPUTS, TABLES, AND PLOTS

Left-hand anti-G valve (D04l item)

Figure B-1. LCC-LSD output

Figure B-2. Output table of plot values (different BMH and MTBD)

Figure B-3. Plot of life-cycle cost vs. BMH for three values of MTBD
(Fig. B-2)--left~-hand anti-G valve.

Oxygen Regulator (D041 item)

Figure B-4 LCC-LSD output

Figure B-5. Output table of plot values (different DMH and MTBD)

Figure B-6. Plot of life-cycle cost vs. DMH for three values of MTBD
(Fig. B-5)--oxygen regulator

Right-hand anti-G valve (D041 item)

Figure B-7. LCC-LDS output

Figure B-8. Output table of plot values (different BMH and MTBD)

Figure B-9. Plot of life-cycle cost vs. BMH for three values of MTBD
(Fig. B-8)--right-hand anti-G valve.

Anti-G suit (D039 item)

Figure B-10. LCC-LSD output

Oxygen connector (D062 item)

Figure B-11. LCC-LSD output

Oxygen mask (D062 item)

Figure B~12, LCC-LSD output
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APPENDIX D. FLOW DIAGRAM OF LCC-LSD ALGORITHM

/

READ INPUT DATA /7

_—

YES

MTBD= 100/0IMD

Repairs per year =
DMFH*365*T1/MTBD

Mean Demand During Resupply
Time due to Condemnation:

At CONUS Base =
OMFH*BSDT*TIB*CONDC/MTBD
At Overseas Base =
DMFH*0BSDT*TIB*CONDC/MTBD
At Depot =
DMFH*DPDT*TI*CONDC/MTBD

DEVICE
FLIGHT-HOURS
DEPENDENT?

72

NO

MTBD= 1/0IMD

Repairs per year =
12*T1/MTBD

Mean Demand During Resupply
Time due to Condemnation:

At CONUS Base =
BSDT*TIB*CONDC/{30*MTBD)

At Overseas Base =
0BSOT*TIB*CONDC/(30*MTBD)

At Depot =
DPOT*TI*CONDC/ (30*MTBD)




—Eéan Demand During Resupply Mean Demand During Resupply
Time due to Repair: Time due to Repair:
At CONUS Base = At CONUS Base =
[DMFH*BSDT*TIB* [BSDT*TIB*(1.0-PERC)*

(1.0-PERC)*(1.0-CONDC)/MTBD] (1.0-CONDC)/(30*MTBD)]

+ [DMFH*BRCT*TIB*PERC/MTBD] + [BRCT*TIB*PERC/(30*MTBD)]
At Overseas Base = At Overseas Base =
[DMFH*QBSDT*TIB* [0BSDT*TIB*(1.0-PERC)*

(1.0-PERC)*(1.0-CONDC)/MTBD] (1.0-CONDC)/(30*MTBD)]

+ [DMFH*BRCT*TIB*PERC/MTBD] + [BRCT*TIB*PERC/(30*MTBD)]
At Depot = At Depot =
DMFH*DRCT+POSB*38.0)*TI* DRCT + (POSB*38.0))*

(1.0-PERC)*(1.0-CONDC)/MTBD TI*(1.0-PERC)*
(1.0-CONDC)/(30*MTBD)

Use Poisson distribution (or normal distribution
if demand during resupply time >50) to
calculate initial inventories that
are sufficient with probability SIGMA.

1

Calculate costs of initial inventories

!

Calculate costs of installed devices

L

Calculate annual maintenance cost

r

Sum to obtain total incremental life-cycle cost

{

Print results

Cstop)
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A
’ AFLC

BCOND
BCONDQ
BCONDU

BLR
BMC
BMH
BRCT
BRPB
BRPD

cew— ey wre~ -

BSDT

CANUMA
CCONDM
CINIBS
CINID
COND
CONDC
1-CONDC
CONUS
CPARTS
CRANDR
CREPB
CREPAR
CREPD
CTALLD
CTOILC
CTOMAN

DCOND
DLR
OMFH
DMH
DMND
D039
D041
D062
DPDT
DRCT
DRPD

E0Q

- uqunnuwmuh-f~~-

A

Bowowouownon o

[N | S | | O DN (N { NN Y S SO TN | B (N | B T B |}

LIST OF DEFINITIONS

Yearly payment, or annuity (cost of repairs and new items)
Air Force Logistics Command

Average number of condemned items at base at any time

Average demand per overseas base due to condemnation

Average demand per CONUS base due to condemnation

Base labor wage rate per hour

Cost of repair parts or kits (as a percent of unit cost)

Base man-hours required to repair item

Time from removal of item until repair at base is complete (days)

Average number of items undergoing repair at base at any one time

Average number of items moving between a base and depot for repair
at any one time

Time Srom CONUS base requisition to receipt of new item from depot
(days

Total cost of annual maintenance

Annual cost of condemnation replacement

Cost for filling inventory at base level when initiating new system
Cost for filling inventory at depot level when initiating new system
Condemned items (as percent of total demand)

Fraction of demands that are condemned

Fraction of demands that are repairable

Continental United States

Annual repair-parts cost (no parts for condemned items)

Annual remove-and-replace cost

Annual cost of base repair (condemning and repairing items at base
Cost of repair labor

Annual cost of depot repair

Cost of installed items (No. of item X unit cost)

Total incremental life-cycle cost

Total maintenance cost, over all lifetime

Average number of items on order by depot at any time to replace
base-condemned items

Depot labor wage rate per hour

Flight-hours per day per device

Depot man-hours required to repair item

Monthly rate-demand

Computation system - Equipment item requirements, recoverable,
serviced at base (anti-G suit)

Computation system - Recoverable consumption item requirements
(oxygen regulator and valve)

Computation system - Economic order quantity buy, unrecoverable items
(oxygen mask and connector) 7

Time from requisitioning an item from supplier to receipt at depot
(days)

Time for items to be sent to depot, repaired, and ready for reissue:
DRCTU, from CONUS bases; DRCTO, from overseas bases

Average number of items undergoing repair at depot at any time

End of quarter
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Integer part of PP

Annual interest rate
Inflation rate
Interest rate

Demand index: ID = 1, flight-hours dependent
ID = 2, calendar-months dependent
Annual inflation rate as a percent

Annual interest rate as a percent

Average demand at depot

Average demand per CONUS base

Average demand per overseas base

Life-cycle cost

Life-cycle cost model for life support devices
Assumed lifetime of device, in years

Logistics support cost

No. of bases using item (MO, overseas; MC, CONUS)
Mean time between demands (reciprocal of O0IMD)
Mean time between failures

No. of years

Base-depot transit delay (overseas) in days

Demand rate for item (per 100 flight-hours or per month, depending on

item)

Programmed (periodic) depot maintenance

Fraction of repairs done at base

Fraction of repairs done at depot

Percent of item repairs that can be done at base

Peak force flying hours (expected fleet flying hours for 1 month

during the peak usage period)
Fraction of bases that are overseas bases
Repairs per year

Present worth

Fraction of original value by which BMH or DMH decreases with each

run

Cost of repair parts of kits
Man-hours required to remove and replace an item at base

Confidence coefficient for inventory
Initial inventories needed at overseas base
Initial inventories needed at CONUS base
Initial inventories needed at depot

Total number of items installed
Total items per base (TI divided by M)

Unit cost of item
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